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Executive summary
This report analyzes the relationship between vehicle weight, size (wheelbase, track width, and their product, footprint), and safety, for individual vehicle makes and models. Vehicle weight and footprint are correlated with a correlation coefficient (R 2 ) of about 0.62. The relationship is stronger for cars (0.69) than for light trucks (0.42); light trucks include minivans, fullsize vans, truck-based SUVs, crossover SUVs, and pickup trucks. The correlation between wheelbase and track width, the components of footprint, is about 0.61 for all light vehicles, 0.62 for cars and 0.48 for light trucks. However, the footprint data used in this analysis does not vary for different versions of the same vehicle model, as curb weight does; the analysis could be improved with more precise data on footprint for different versions of the same vehicle model.
Although US fatality risk to drivers (driver fatalities per million registered vehicles) decreases as vehicle footprint increases, there is very little correlation either for all light vehicles (0.01), or cars (0.07) or trucks (0.11). The correlation between footprint and fatality risks cars impose on drivers of other vehicles is also very low (0.01); for trucks the correlation is higher (0.30), with risk to others increasing as truck footprint increases. Fatality risks reported here do not account for differences in annual miles driven, driver age or gender, or crash location by vehicle type or model. It is difficult to account for these factors using data on national fatal crashes because the number of vehicles registered to, for instance, young males in urban areas is not readily available by vehicle type or model.
State data on all police-reported crashes can be used to estimate casualty risks that account for miles driven, driver age and gender, and crash location. The number of vehicles involved in a crash can act as a proxy of the number of miles a given vehicle type, or model, is driven per year, and is a preferable unit of exposure to a serious crash than the number of registered vehicles. However, because there are relatively few fatalities in the states providing crash data, we calculate casualty risks, which are the sum of fatalities and serious or incapacitating injuries, per vehicle involved in a crash reported to the police. We can account for driver age/gender and driving location effects by excluding from analysis crashes (and casualties) involving young males and the elderly, and occurring in very rural or very urban counties.
Using state data on all police-reported crashes in five states, we find that excluding crashes involving young male and elderly drivers has little effect on casualty risk; however, excluding crashes that occurred in the most rural and most urban counties (based on population density) increases casualty risk for all vehicle types except pickups. This suggests that risks for pickups are overstated unless they account for the population density of the county in which the crashes occur. After removing crashes involving young males and elderly drivers, and those occurring in the most rural and most urban counties, we find that casualty risk in all light-duty vehicles tends to increase with increasing weight or footprint; however, the correlation (R 2 ) between casualty risk and vehicle weight is 0.31, while the correlation with footprint is 0.23. These relationships are stronger for cars than for light trucks. The correlation between casualty risk in frontal crashes and light-duty vehicle wheelbase is 0.12, while the correlation between casualty risk in left side crashes and track width is 0.36. We calculated separately the casualty risks vehicles impose on drivers of the other vehicles with which they crash. The correlation between casualty risk imposed by light trucks on drivers of other vehicles and light truck footprint is 0.15, while the correlation with light truck footprint is 0.33; risk imposed on others increases as light truck weight or footprint increases.
Our analysis indicates that, after excluding crashes involving young male and elderly drivers, and crashes in very rural and very urban counties, and accounting for vehicle weight and footprint, sports cars, pickup trucks and truck-based SUVs have higher risk to their drivers than cars, while import luxury cars and crossover SUVs have lower risk to their drivers than cars. Similarly, pickups and sports cars impose a large casualty risk on drivers of other vehicles, after accounting for vehicle weight and footprint. Our analysis suggests that excluding young male and elderly drivers, and crashes in very rural and urban counties, accounting for vehicle weight, footprint, and type explains only about half of the variability in casualty risk to drivers, and to drivers of other vehicles, by vehicle model.
Car-based crossover SUVs provide an example of how manufacturers have designed vehicles that are lighter, and have higher fuel economy, and safer than conventional truck-based SUVs. On average, CSUVs have the same footprint, but are about 10% lighter than truck-based SUVs. CSUVs also tend to have lower risks than SUVs, both for their drivers and to drivers of other vehicles. The safety record of crossover SUVs suggests that manufacturers are capable of designing vehicles that are lighter and have higher fuel economy, without sacrificing safety.
Introduction
In 2007 the Energy Independence and Security Act (EISA) called on the National Highway Traffic Safety Administration (NHTSA) to adopt new fuel economy standards for light-duty trucks (minivans, SUVs, and pickup trucks) and cars. The new standards were to be "attributebased", in which the standards would vary according to a specific vehicle attribute. Based on analyses done previously, NHTSA selected the attribute of vehicle footprint (i.e. length, or wheelbase, times width, or track width) on which to base the new standard. NHTSA's rationale for selecting the footprint attribute was: 1) light trucks with larger footprint are safer for their occupants than light trucks with smaller footprint; and 2) wheelbase and track width, which are measured from the interior of the vehicle's tires, are more difficult to change, and thus circumvent the intent of the regulation, than a vehicle's overall length or width. Wenzel and Ross (2005) analyzed fatality risk by vehicle model, using national driver fatalities and vehicle registrations. NHTSA criticized this analysis because it did not account for differences in driver age and gender, and crash location, across vehicle models. The Wenzel and Ross analysis used national vehicle registrations by model as its measure of exposure to calculate fatality risk; national registrations by owner age, gender, or zip code are not readily available, so the analysis could not account for driver or crash location variables. This report uses a new approach, casualty risks from state data on all police-reported crashes, to analyze the effect of driver and crash location on risk.
This report addresses three issues surrounding the relationship between vehicle weight, size and safety:
• how strong the correlation is between vehicle weight and size; and • how accounting for driver age and gender and crash location affects casualty risk by vehicle model; and • car-based "crossover" SUVs have lower risks to both their drivers and to others than conventional truck-based SUVs, while maintaining footprint and reducing weight by 10%.
Relationship between vehicle weight and size
In its analysis of the relationship between vehicle weight and fatality risk, NHTSA argued that the weight and size of vehicles are so strongly correlated that their individual effects on fatality risk cannot be estimated (Kahane, 2003) . Dynamic Research, Inc. (DRI) analyses (Van Auken and Zellner, 2002; Van Auken et al, 2003; Van Auken and Zellner, 2005a; Van Auken and Zellner, 2005b) replicated the NHTSA analyses using the same data and methods. DRI accounted for the separate effects of vehicle size (wheelbase and track width) and weight, and found that reducing weight in all vehicles, while maintaining their size, would result in a net decrease in fatalities. However, NHTSA still maintains that the independent effects of vehicle weight and size on fatality risk cannot be estimated (Kahane, 2004) .
In this section we examine the relationship between vehicle weight and size, using the two variables that comprise vehicle footprint, wheelbase and track width. These data by vehicle model were provided by the US Department of Energy (DOE), from CAFE compliance data for model year 2005 (and later) vehicles. 1 DOE also provided curb weight and vehicle sales by vehicle model. A vehicle's track width is the average of track width at its front and rear axle. For the most part, different versions of the same vehicle model nameplate have the same footprint; however, because of differences in engine size, transmission type, body style, and other factors, curb weight often varies for different versions of the same model. For models with a range of footprints and curb weights, sales-weighted values for each model were calculated by weighting the values for the different versions by the total sales of each version. Because the footprint and weight data come from CAFE compliance records, data are not available for light trucks larger than 8,500 lbs gross vehicle weight that are exempt from CAFE standards (most ¾-ton pickups, and all 1-ton pickups and vans; a small number of ¾-ton pickups are included in the CAFE compliance data provided us).
Figures 2-1 through 2-4 show model year 2005 sales-weighted wheelbase, track width, footprint, and curb weight, by vehicle type. Which vehicle type individual models are assigned to is somewhat arbitrary, based on definitions used in consumer literature such as the Consumer Guide. Conventional truck-based SUVs are treated separately from car-based crossover SUVs (the Jeep Cherokee and Grand Cherokee, which were the first to adopt some of the features of crossover SUVs, are included as truck-based SUVs in our categorization). In addition, because of vehicle design changes over time, some models have migrated to larger vehicle types (e.g. from a subcompact car to a compact or midsize car). The drop lines on the figures represent the range in vehicle dimensions for specific models within each vehicle type.
The figures indicate that size and mass tend to increase with increasing vehicle class; however, there is substantial range in size and mass within each vehicle class. Note that small and midsize crossover SUVs are roughly the same average size as their truck-based SUV counterparts, but weigh substantially less (9% and 18% less, respectively). Also note that, because most ¾-ton pickups are exempt from CAFE standards, they are not included in the figures; neither are 1-ton pickups and the larger fullsize vans. As mentioned above, in the CAFE compliance data provided us, different versions of a model nameplate have the same footprint; however, there often is a large range in curb weight for different versions of a given model. Figure 2 -8 shows some examples of vehicles with a large range in curb weight within the same model nameplate. The range in curb weights is especially large for pickup trucks; pickup truck curb weight can vary based on drive configuration (two-or four-wheel drive), cab size (standard, extended/super, or crew/dual/quad), and bed length (short or long), among other factors. However, pickup curb weight also should vary depending on these variables. The CAFE compliance data provided us includes the variation in vehicle weight across different versions of the same vehicle model, but not the variation in vehicle footprint. For future analyses we hope to obtain data that provides detailed information on wheelbase and track width, as well as curb weight, for different versions of the same vehicle model. More detailed footprint data may reveal a stronger correlation between curb weight and footprint than we have shown here. Table 2 -1, indicates that the relationship between vehicle weight and size, at least measured by footprint, is only about 0.63: not nearly as strong as implied in the NHTSA analysis. The relationship is stronger for cars (0.60) than for light trucks (0.45). The correlation between wheelbase and track width is also not strong, only 0.54 for all light vehicles. Table 2 -2 indicates that the correlations improve somewhat after accounting for the number of vehicle models sold. However, because of limitations in the footprint data provided us, this analysis may be understating the correlation between curb weight and footprint across vehicle models. We hope to obtain more detailed footprint data to study this issue further. Auken and Zellner, 2002; van Auken et al., 2003) . 2 It is thought that size, particularly crush space, is protective in crashes with another vehicle or stationary object, and that lower, wider, and longer vehicles (i.e. with a lower center of gravity) are less likely to roll over.
In this section we examine the relationship between vehicle footprint and fatality risk, by vehicle make and model. Driver fatality risk is the number of driver fatalities, per million registered vehicle from model years 2003 to 2007. Driver fatalities are from NHTSA's Fatality Analysis Reporting System (FARS) database, while vehicle registrations come from R.L. Polk (Wenzel and Ross, 2005) . Risks include both the likelihood that a certain vehicle type or model will be involved in a fatal crash, as well as the vehicle's ability to protect its driver, and the driver's ability to survive, a fatal crash. We calculate risks to drivers of the subject vehicle, as well as the risks those drivers impose on drivers of other vehicles (including motorcycles and medium-/heavy-duty vehicles) on the road; pedestrian and bicycle casualties are not included. We only plot risks for models with at least 0.5 million vehicle registration-years; these models have, at a minimum, average annual sales of 37,000 over each of the five model years, and account for 84% of all registered light vehicles. The Honda Accord had 5 million registration-years over the five-year period, the most of all light-duty vehicles. Because most ¾ -and 1-ton pickups and fullsize vans are exempt from CAFE standards we do not have footprint data for these types of vehicles, and exclude them from our analysis. We also exclude the Crown Victoria from the figures because it has a dramatically high risk to drivers (142) and others (168), due to its frequent use as a police vehicle. Figures 3-1 through 3-3 show FARS fatality risk to drivers versus sales-weighted footprint, by vehicle model. There is virtually no correlation between fatality risk to drivers and vehicle footprint, for either passenger cars or light trucks. To the extent that wheelbase is correlated with frontal crush space, it should be most protective in frontal crashes, either with another vehicle or a stationary object; similarly, track width may be protective in left (driver) side crashes. However, Figures 3-7 and 3-8 show that there is almost no correlation between wheelbase and fatality risk to drivers in frontal crashes (0.01) and track width and fatality risk to drivers in left side crashes (0.15). 
Relationship between 2000-04 casualty risk and footprint
There are several limitations with the fatality rates per registered vehicle as described above. First, the measure of exposure is the number of registered vehicles of a particular make and model, and not the number of miles that model is driven. Vehicle types and models that are driven more annual miles than average have higher exposure to a potentially fatal crash; adjusting for the amount of miles driven would therefore lower their risk relative to the average vehicle. In particular, pickup trucks tend to be driven more miles than the average vehicle (Wenzel and Ross, 2005; Kahane, 2003) ; therefore the fatality rates above overstate the risks in pickup trucks.
Second, the fatality risks above do not account for differences in how, and where, particular vehicle types and makes/models are driven, which can also affect their exposure to, and perhaps their crashworthiness in, a potentially fatal crash. In particular, driver age and gender are important driver variables to account for; young males tend to be the riskiest drivers, while the elderly are particularly frail and less able to survive a serious crash. And serious crashes in rural areas tend to be more deadly than those in urban areas, for a variety of reasons: in rural areas travel speeds tend to be higher, and speed limits are not well enforced; roadways are not divided and are not well-lit; guardrails are missing, and large trees are close to roadways; and crashes tend to be further from trauma centers. We found that fatality risks, both to drivers and to drivers of other vehicles, vary substantially by the population density of the county in which the crash occurred, for all vehicle types (Wenzel and Ross, 2005) .
We use data on all police-reported crashes to account for the effect vehicle use, driver age/gender, and driving location have on risk. NHTSA collects a sample of US police-reported crashes, as part of its National Automotive Sampling System, General Estimates System (NASS GES); however, although intended to be representative of national crashes, this dataset is quite small. We obtained from NHTSA's State Data System (SDS) data on all police-reported crashes through 2005 in five states (Florida, Illinois, Maryland, Missouri and Pennsylvania) which report the vehicle identification number (VIN) of vehicles, which allows us to determine vehicle model year, type, and make and model. The number of vehicles involved in a crash can act as a proxy of the number of miles a given vehicle type, or model, is driven per year, and is a preferable unit of exposure to a serious crash than the number of registered vehicles. Because there are relatively few fatalities in the five states for which we have crash data, we calculate casualty risks, which are the sum of fatalities and serious or incapacitating injuries. We can account for driver age/gender and driving location effects by excluding from analysis crashes (and casualties) involving young males and the elderly, and occurring in very rural or very urban counties. We analyze casualty risks for model year 2000 to 2004 vehicles; there is a substantial lag time between when crashes occur, when states release their crash databases to NHTSA, and when NHTSA analysts release consistently coded state datasets for public analysis.
The NHTSA and DRI studies used statistical models based on the likelihood that an individual crash would result in a driver fatality. We analyze the casualty rate (driver death or serious injury per 10,000 police-reported crashes) by vehicle make and model, after excluding crashes involving young male and elderly drivers, and in very rural and very urban counties, in order to study the relationship between casualty risk and vehicle dimensions (weight and footprint) by vehicle model. This approach allows us to readily see any trends in casualty risk by vehicle model after accounting for driver age and gender, crash location, and other variables. We hope to eventually replicate the NHTSA and DRI analyses of individual crashes using the policereported data summarized here, as described at the end of this section.
We calculated population density deciles by ranking all counties in the five states by their population density (2000 population divided by square miles of land area), and counting the cumulative number of driver casualties. Figure 4 -1 shows the cumulative distribution of all driver casualties by county population density. The first 10 percent of casualties (reading up the vertical axis from the origin) occurred in counties with a population density of 60 or less per square mile, the next 10 percent of casualties occurred in counties with a population density of 60 to about 150 per square mile, etc. The largest population density decile includes casualties in counties with a density of 5,000 per square mile or greater (Baltimore, Chicago, St. Louis, and Philadelphia). Figure 4-2 shows the casualty risk, excluding young male and elderly drivers, by vehicle type and population density decile. The figure indicates that, for all vehicle types, casualty risk is highest in the two lowest population density deciles (the most rural counties), and lowest in the two highest population density deciles (the most urban counties). Casualty risks are similar in the six middle population density deciles (deciles 3 through 8). Figure 4 -3 indicates that a higher fraction of pickup crashes occur in the most rural counties (22%), and a lower fraction occur in the most urban counties (21%), than for other vehicle types. Therefore, we exclude crashes and casualties that occurred in the most rural and most urban counties (density deciles 1, 2, 9, and 10), to account for the different locations in which pickups tend to be driven. Relative to risks of other vehicles types, Figure 4 -4 indicates that state casualty risks for sports cars and pickups, and to a lesser extent subcompact and compact cars, are substantially lower than US fatality risks for those vehicle types. Similarly, note that US fatality risks for import luxury cars, minivans, and crossover SUVs are quite a bit lower, relative to other vehicle types, than their state casualty risks. These differences in US fatality and state casualty risk to drivers may be partially explained by the different measure of exposure used to calculate each type of risk. Pickup trucks tend to be driven more miles each year than midsize cars; therefore using the number of police-reported crashes as the measure of exposure, as is done in calculating the state casualty risks, accounts for the higher mileage pickups are driven, and lowers their casualty risk relative to their fatality risk. On the other hand, import luxury cars are driven fewer miles than midsize cars, which may explain why their state casualty risk increases relative to their fatality risk. However, sports cars are also driven fewer miles than midsize cars, so differences in exposure do not explain their lower casualty risk relative to their fatality risk; and minivans, like pickups, are driven substantially more miles than midsize cars, yet their casualty risk is relatively higher than their fatality risk.
Other possible explanations for the differences in casualty and fatality risk for certain types of vehicles are better protection from serious injuries and differences in crash severity (independent of driver or location effects) among vehicle types.
In terms of risk to others, state casualty risks are similar to US fatality risks for most vehicle types, as shown in Figure 4 -5, except for 3/4-and 1-ton pickup trucks and fullsize vans, and to a lesser extent truck-based SUVs, which have lower state casualty risks to others than US fatality risks.
Figure 4-5. State casualty and US fatality risk to drivers of other vehicles, by vehicle type
Figures 4-6 and 4-7 show the effect of excluding crashes involving young male and elderly drivers, and crashes in the most rural and most urban counties, on state casualty risks, by vehicle type. Excluding young male and elderly drivers and casualties from the analysis has virtually no effect on the state casualty rates by vehicle type. However, removing crashes that occurred in very rural or very urban counties increases the casualty risks for all vehicles except for casualty risk for drivers of pickup trucks making them more similar to those for other vehicle types. -10 show the correlation between casualty risk (after excluding casualties involving young male and elderly drivers, and in urban and rural areas) and vehicle curb weight, for vehicle models. As described above, the earliest vehicle data on vehicle weight, wheelbase and track width provided us are from MY2005, whereas the latest casualty data available from the five states are for MY2000-2004 vehicles. We obtained vehicle weight, wheelbase, and track width from the website of Motortrend magazine for models that were discontinued before 2005. 3 We calculated simple averages for models that had versions with different measurements. Figures 4-8 through 4 -10 include models with at least 1,000 vehicles involved in, or at least 30 serious injuries or fatalities to drivers in, police-reported crashes; these models account for 93% of all light-duty vehicles involved in police-reported crashes, excluding ¾-and 1-ton pickups and fullsize vans (the Chevrolet Cavalier was involved in the most crashes, nearly 20,000, and had the most casualties, nearly 700). The figures indicate that casualty risk tends to decrease with increasing vehicle weight, especially for cars; the correlation between adjusted casualty risk and curb weight by vehicle model is 0.31 for all light vehicles, 0.36 for cars and 0.14 for light trucks. The correlations are not improved when the points in each figure are weighted by the number of vehicles involved in crashes. Table 4-1 shows the results when each vehicle model is treated equally, whereas Table 4-2 shows the results when each model is weighted by the number of vehicles involved in a policereported crash. The "slope" column in each table indicates the relationship between the dependent variable (adjusted casualty risk) and the independent variable: vehicle weight (in 100 lb increments), footprint, wheelbase or track width. The negative slope values in the tables indicate that casualty risk to drivers decreases as vehicle weight and size increase; the positive slopes for the last six rows in each table indicate that casualty risk to drivers of other vehicles increases as vehicle footprint increases. The "p-value" column indicates whether the estimated slopes are statistically significant. For the most part, the relationships between casualty risk and vehicle weight or footprint are statistically significant. However, the vehicle measurements explain a relatively small portion of the range in casualty risk by vehicle model, as indicated by the relatively low R 2 values in the last column. The results in Table 4 -2 are similar to those in Table 4 -1, which suggests that weighting casualty risk by the number of each vehicle model involved in police-reported crashes has little effect on the overall results. As mentioned above, weighting risk by the number of vehicles involved does improve the explanatory power of footprint on risk imposed by others, for all light vehicles (from R 2 of 0.26 to 0.47) and for light trucks (from R 2 of 0.22 to 0.33) Table 4 -3 shows the results of combining curb weight and footprint in the same regression model. Models 1 and 2 suggest that casualty risk to drivers decreases as the weight or footprint of their vehicle increases, and that increasing curb weight by 100 lbs has about the same reduction in casualty risk as increasing footprint by 1 square foot. Weight (R 2 = 0.31) explains slightly more of the variation in casualty risk than footprint (0.26); including both weight and footprint negligibly improves the model fit (to 0.32), but footprint is not statistically significant (Model 3). Table 4 -3 introduce dummy variables for six vehicle types (sports cars, import luxury cars, minivans, truck-based SUVs, car-based crossover SUVs, and pickups; other cars are the default vehicle type). Model fit is improved to about 0.55, with negligible changes in the coefficients depending on whether weight, footprint, or both are used. The coefficients on the type variables are in the expected direction: higher risk than cars in sports cars, pickups, and SUVs, while lower risks than cars in import luxury cars, crossover SUVs, and minivans. The coefficient on minivans is not statistically significant in any of the three models, while the coefficient on SUVs becomes not significant when footprint is used (Model 5). Table 4 -3 indicates that even after excluding young male and elderly drivers, and crashes in rural and urban counties, and accounting for vehicle weight and footprint, sports cars, pickup trucks and truck-based SUVs have higher risk to their drivers (96, 78, and 42 more casualties per 10,000 drivers, respectively, in Model 6), and import luxury cars and crossover SUVs have lower risk to their drivers (63 and 42 fewer casualties per 10,000 drivers, respectively), than cars. The table also indicates that, when both weight and footprint are included in the same model (Models 3 and 6), vehicle footprint is statistically insignificant. This could be because the CAFE compliance data used in this analysis do not allow footprint to increase with increasing weight for different versions of the same vehicle model, as discussed in Section 1 above. More accurate footprint data for different versions of the same vehicle model are needed to assess whether weight and footprint can be included in the same statistical model. Table 4 -3, while Figure 4 -23 plots the predicted risk as well as the residual risk unexplained by the statistical model. The large degree of scatter of the residual values in Figure 4 -23 indicates that using a subset of data that excludes crashes involving young male and elderly drivers, and in very rural and very urban counties, while accounting for vehicle curb weight, footprint, and type, explains only about half of the variability in casualty risk by vehicle model. Table 4 -4 shows the results for the same six models, this time using casualty risk to drivers of other vehicles as the dependent variable. The coefficients on weight and footprint are all positive, indicating that casualty risk to drivers of other vehicles increases as the weight and/or footprint of the subject vehicle increases; again, the effects of a 100-lb increase in weight on casualty risk to other drivers is about the same as a 1 square foot increase in footprint. Similar to Table 4 -3, when variables for vehicle type are added (Models 4 through 6), the size of the coefficient on weight or size is reduced somewhat, and the overall fit of the model improves (from an R 2 of about 0.25 to 0.43). Although the coefficients on vehicle type often are not statistically significant, the coefficients for sports cars and pickups are consistently large and statistically significant, indicating that these two types of vehicles impose greater risk on drivers of other vehicles than cars. This initial regression analysis on casualty risk by vehicle model indicates that using a subset of data that excludes young male and elderly drivers, and crashes in very rural and very urban counties, while accounting for vehicle footprint, curb weight, and type, pickups and truck-based SUVs have higher risks to their drivers, and pickups impose higher risks to drivers of other vehicles, than cars. In addition, the models explain only about half of the variability in casualty risk to drivers by vehicle model, and less than half of the variability in risk to drivers of other vehicles Several steps can be taken to refine the preliminary analysis described here. First, the footprint data used here do not vary for different versions of the same vehicle model. In addition, weight, footprint, and sales data on fullsize (3/4-ton and 1-ton) pickups and vans were not included in the data provided us. We will investigate obtaining more detailed footprint (wheelbase and track width) data, as well as weight and sales data for larger fullsize pickups and vans, from other sources. Because fullsize pickups and vans tend to be larger and heavier than other vehicle types, and impose higher casualty risk on drivers of other vehicles, we expect that including these models will strengthen the relationship of increasing risk to others as subject vehicle weight and/or footprint increases.
Models 4 through 6 in
Second, the casualty risks in this analysis used all police-reported crashes, including propertydamage only crashes, as the measure of exposure. Under-reporting of minor crashes may bias our results, by state or perhaps vehicle type. Calculating casualty risk by using only serious crashes (defined as those in which at least one vehicle occupant is seriously injured or killed), and not all police-reported crashes, should remove any bias from under-reporting of minor crashes. Casualty risks per serious crash will also give a stronger measure of vehicle crashworthiness than casualty risks per police-reported crash, which include both how well a vehicle protects an occupant given a crash (crashworthiness) as well as how well a vehicle can avoid a serious crash altogether.
Third, because vehicle weight and footprint are fairly well correlated, it may be difficult to distinguish the effect of weight from the effect of footprint, or vice versa. In addition, these two variables may account for the effect of other vehicle attributes (such as hood or bumper height; frontal or side stiffness; height of center of gravity; presence of specific safety technologies such as electronic stability controls, side impact airbags, roof strength, seat belt technologies; etc.) on casualty risk by individual vehicle models. To the extent that these other vehicle attributes that directly improve occupant protection are correlated with vehicle weight or footprint, weight or footprint variables in regression models may be picking up the safety benefit of these other vehicle attributes. In an earlier analysis we found that a measure of general quality of vehicle design, resale value, explained more of the variability in fatality risk by vehicle model than vehicle weight. We propose to investigate whether vehicle resale value after several years, from a source such as Kelley's Blue Book, explains more variability in casualty risk than vehicle weight or footprint.
Fourth, rather than building regression models to explain in the range in casualty risks by vehicle model, logistic regression analysis can be used to analyze the probability that a particular vehicle/driver/location combination will result in a driver casualty. Logistic regression analysis allows inclusion of driver age/gender and crash location variables directly in the regression model, rather than excluding crashes involving young males or elderly drivers, and that occurred in very rural or very urban counties, as has been done here. Logistic regression analysis can also account for differences in casualty risk among states. We can also investigate the state crash data to determine if other variables Kahane used (time of day, weather conditions, belt use, etc.) can be included.
Finally, we propose to expand the analyses to other states that report vehicle identification number in their crash data. An expanded dataset will allow more robust analysis of the causes of casualty risk by vehicle model.
Risks in truck-based and car-based SUVs
Comparison of fatality and casualty risks in conventional truck-based SUVs and newer, carbased crossover SUVs indicates that vehicle weight can be reduced while maintaining size and at least maintaining, if not increasing, occupant safety. In model year 1996, only 2% of SUV sales were car-based crossover SUVs; by 2005, half of SUVs sold were crossovers. Crossover SUVs are characterized as having unibody construction similar to cars, which eliminates the rigid longitudinal frame rails in truck-based SUVs and pickup trucks that are often deadly to occupants in other vehicles. In addition, crossover SUVs tend to have a lower center of gravity than truck-based SUVs, which makes them less likely to roll over.
Crossovers with the same footprint have about 10% lower mass, and substantially lower fatality risk, than truck-based SUVs (Table 5 -1). Compared to truck-based SUVs, compact crossovers have 36% lower fatality risk, and midsize crossovers have 49% lower fatality risk, to their drivers. Small crossovers also impose 31% lower fatality risk on drivers of other vehicles than small truck-based SUVs, while midsize crossovers impose 37% lower fatality risk on others than comparable truck-based SUVs. The last two rows of Table 5 -1 show similar results after accounting for driver age and crash location, using casualty risks for 2000 to 2004 vehicles from the state crash data, as described above. The exception is casualty risk to others, where compact crossover SUVs impose a 6% higher casualty risk on others than compact truck-based SUVs.
However, Table 5 -1 indicates that this difference may not be statistically significant, as the 95% confidence intervals for the risks by compact SUVs and compact crossover SUVs overlap. Of course it is likely that factors other than weight reduction account for the lower risks in crossover SUVs; for example, unibody construction, lower bumpers, and less rigid fronts make crossovers more compatible with cars than truck-based SUVs. NHTSA research indicates that light truck bumper height and frontal stiffness are dangerous to car occupants, even after accounting for light truck weight (Kahane 20003) ; and lower height and center of gravity, stronger roofs, and perhaps early adoption of electronic stability controls may account for the lower rollover fatalities in crossover SUVs. The experience of crossover SUVs indicates that other vehicle attributes may be as important, if not more important, than vehicle weight or footprint in terms of occupant safety.
Conclusions
This report summarizes our analysis of the relationship between vehicle weight, footprint and risk. Our analysis indicates that there is a relatively weak relationship between footprint and casualty risk to drivers of individual vehicle models, either for cars or light trucks. There is a wide range in casualty risk for vehicle models of the same type and footprint, even after accounting for miles driven, driver age and gender, and crash location. Similarly, there is little relationship between vehicle wheelbase and casualty risk in frontal crashes, or track width and risk in left side crashes. The relationship between footprint and casualty risk imposed on drivers of other vehicles is also relatively weak, although the risks imposed by light trucks tend to increase as their footprint increases. Because the current CAFE standards are based on the footprint of individual vehicles, we focus our conclusions on the relationship between footprint and risk. However, our analysis leads us to similar conclusions regarding the relationship between vehicle weight and risk.
Based on our study, a fuel economy standard that discourages vehicles with smaller footprint, or lower weight, will not necessarily reduce casualties, and will not be as effective in reducing fuel consumption and associated greenhouse gas emissions as a single stringent standard applied across all vehicle sizes. In fact, there is evidence that manufacturers' redesign of traditional truck-based SUVs into car-based crossover SUVs has resulted in lighter vehicles of the same size, with reduced risks both to their drivers and to the drivers of other vehicles. A single stringent fuel economy standard would discourage the continued use of light trucks (with low
